Abstract − The autophagy-lysosomal pathway is an important protein degradation system, and its dysfunction has been implicated in a number of neurodegenerative diseases, including Parkinson's disease. Raphani Semen, one of the herbs of Yeoldahanso-tang (YH), has neuroprotective effects via the autophagy pathway. The activity-guided method was used to isolate and identify the components of Raphani Semen. In this experiment, the total extract of Raphani Semen was partitioned to n-butanol, methylene chloride, and water fractions. Flow cytometry data showed that only the water fraction showed autophagy-inducing activity in vitro. Compounds 1 and 2 were isolated from this water fraction by preparative HPLC separation. The structures of compounds 1 and 2 were identified as stachyose and raffinose, respectively, by the analysis of various spectral data ( 1 H NMR,
Introduction
Parkinson's disease (PD) is a degenerative disorder of the central nervous system. While the initial cause is undetermined, PD results from the death of the dopaminergic neurons of the substantia nigra, which is a region of the midbrain. Insufficient protein degradation, caused by various factors, may lead to the dopaminergic neuronal cell death that is related to PD and other neurodegenerative diseases (Cho, 2012) .
The autophagy-lysosome pathway (ALP) is a mechanism that cleans the misfolded proteins and organelles in the cell (Ciechanover, 2005; Rubinsztein, 2006; Kim et al., 2012) . "Autophagy", literally meaning "self-eating", describes a catabolic process in which cell constituents such as organelles and proteins are delivered to the lysosomal compartment for degradation (Nedlsky et al., 2008) . Autophagy plays an important role in Parkinson's disease. Microtubule-associated protein light chain 3 (LC3), a mammalian homologue of autophagy-related gene 8 (Atg8) in yeast, is recruited to the autophagosome membrane during autophagy and is considered a specific marker of autophagy (Kabeya et al., 2000) .
Rapamycin, which is a lipophilic and macrolide antibiotic, induces autophagy by inactivating the protein mammalian target of rapamycin (mTOR), and as such, it is an autophagy enhancer (Berger et al., 2006) . Several studies have shown that rapamycin, acting through the mTOR pathway, is neuroprotective in various neurological diseases (Erlich et al., 2007; Parker et al., 2000; Wu et al., 2008; Zemke et al., 2007) . In the present study, we used rapamycin (200 nM) as a positive control in experiments to examine autophagy induction (Pan et al., 2008) .
A previous study showed that Yeoldahanso-tang (YH), a Chinese herbal medicine, had neuroprotective effects via autophagy enhancement in Parkinsonian model systems, both in vivo and in vitro (Bae et al., 2011). Raphani Semen is one of the herbs of YH, and it was chosen for further study because its extract showed autophagy enhancement in PC12 cells.
Raphani Semen belongs to the Cruciferae, meaning "cross-bearing," family of flowering plants (Angiosperms), which contains over 330 genera and approximately 3,700 species. The largest genera are Draba (365 species), Cardamine (200 species, although the definition of this genus is controversial), Erysimum (225 species), Lepidium 
